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(57)  An engine is described that has a variable
valve timing system. Under low and medium load oper-
ation of the engine, the valve timing system sets an
extended valve overlap period and fuel is injected pre-
dominantly during this extended overlap period either
into the intake ports or directly into the combustion
chambers. The effect is that the fuel is heated by the
internally recirculated exhaust gases which pre-condi-
tions the fuel to improve ignitability and combustion
quality.
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Description

Field of the invention

[0001] The present invention relates to the fuelling
of an internal combustion and is application to both
gasoline and diesel engines.

Background of the invention

[0002] It has already been proposed to pre-condi-
tion fuel before it is injected into the combustion cham-
bers of an engine by heating the fuel. Hitherto, this has
been achieved using heat present in external EGR
(exhaust gas recirculation) gases by injecting the fuel
into an EGR pipe leading from the exhaust system to
the intake system. This could only be achieved by
means of additional equipment such as a fuel injector
and a reaction chamber in the exhaust recirculation sys-
tem.

Object of the invention

[0003] The invention seeks to take make use of
processes that normally take place in conventional four
stroke internal combustion engines to enhance fuel
preparation and to produce more reactive radicals in the
intake charge at the commencement of combustion in
order to improve the ignitability of the fuel and air mix-
ture.

Summary of the invention

[0004] According to one aspect of the invention,
there is provided a four stroke internal combustion
engine in which, at least during certain engine operating
conditions, the intake and exhaust valves are open
simultaneously to enhance internal exhaust gas recircu-
lation by forcing a substantial quantity of hot exhaust
gases back into the intake ports, the engine having a
fuel injection system with fuel injectors arranged in the
intake ports, a variable valve timing system operative, at
least during the said engine operating conditions, to
prolong the valve overlap period when the intake and
exhaust valves are simultaneously open, and means for
controlling the timing of the fuel injectors to introduce
substantially all of the injected fuel directly into the back
flow of internal EGR gases during the extended valve
overlap period, the fuel being thermally conditioned by
the hot internal EGR gases before being admitted into
the combustion chamber during the subsequent intake
stroke.

[0005] In order to determine the optimum timing for
port fuel injection, it has previously been attempted to
vary the timing of fuel injection in relation to the operat-
ing cycle of the engine. By such experimentation, it has
been determined that when the fuel is injected into the
intake ports with the intake valves closed, the fuel is

10

15

20

25

30

35

40

45

50

55

deposited on the hot walls of the intake ports and is
heated and preconditioned before being drawn into the
engine. This resulted in more reliable ignition and more
complete combustion. When fuel is injected into the
intake ports with the intake valves open, on the other
hand, it has been found that the resulting combustion is
not satisfactory because of poor mixing and less reliable
ignition. In this case, the fuel has little time to be heated
and is entrained by the intake air and deposited on the
walls of the combustion chamber.

[0006] While attempting all possible injection tim-
ings, it is likely that it was attempted to inject fuel during
the very brief valve overlap period. However, because
this period is normally of much shorter duration than the
fuel injection period, the advantageous effect achieved
in the present invention has not previously been recog-
nised. The important difference to note is that in the
present invention special steps need to be taken to pro-
long the valve overlap period in order to ensure that
substantially all of the injected fuel can be timed to be
introduced into the hot EGR gases during the valve
overlap period.

[0007] According to a second aspect of the inven-
tion, there is provided a four stroke internal combustion
engine in which, at least during certain engine operating
conditions, the intake and exhaust valves are open
simultaneously to enhance internal exhaust gas recircu-
lation by forcing a substantial quantity of hot exhaust
gases back into the intake ports, the engine having a
fuel injection system with fuel injectors arranged in the
combustion chambers, a variable valve timing system
operative, at least during the said engine operating con-
ditions, to prolong the valve overlap period when the
intake and exhaust valves are simultaneously open,
means for controlling the injection timing of the fuel
injectors to introduce substantially all of the injected fuel
directly into the residual gases in the combustion cham-
bers during the extended valve overlap period, and
means for creating a pressure drop from the exhaust
ports towards the intake ports during the valve overlap
period to ensure that the injected fuel does not pass out
of the combustion chamber through the open exhaust
valve, the fuel being thermally conditioned by the hot
residual gases before the commencement of the subse-
quent intake stroke.

[0008] The second aspect of the invention differs
from the first in that the fuel is injected directly into the
combustion chambers rather than the intake ports. For
this reason, it is necessary to take steps to control the
pressures in the intake and exhaust ports to ensure that
the injected fuel remains in the combustion chamber
and is not allowed to escape through the open exhaust
valve before it has been burnt.

[0009] In both its aspects, the invention sets out to
achieve thermal conditioning of the injected fuel by
ensuring that it is heated by the hot burnt gases from the
previous operating cycle before commencement of the
subsequent intake stroke, thereby improving the ignita-
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bility of the fuel in the subsequent operating cycle. This
can be used to achieve a more robust ignition during
lean burn operation or to promote spontaneous ignition
during low and medium load operation in order to
reduce NOx emissions.

[0010] The means for ensuring sufficient pressure
drop from the exhaust ports towards the intake ports
may be an intake throttle for restricting the intake air
flow and reducing the pressure in the intake ports. Alter-
natively the means may be an exhaust throttle for
restricting the exhaust gas flow and increasing the pres-
sure in the exhaust ports. As a further alternative, an
intake throttle and an exhaust throttle may be used in
combination.

[0011] The invention is applicable to both gasoline
and diesel fuels and is advantageous in promoting ther-
mal pre-conditioning of the fuel by the hot residual
gases retained in the cylinder thus improving the ignita-
bility of the fuel when it is burnt in the immediately fol-
lowing engine cycle.

[0012] For a spark ignition engine, the lean burn
capability of the engine can be significantly extended
resulting in lower fuel consumption and lower exhaust
emissions.

[0013] Under certain conditions, the fuel may be
sufficiently preconditioned to undergo spontaneous
ignition without relying on a spark when it is mixed with
air and compressed during the immediately following
compression stroke. This type of combustion, called
active radical combustion (ARC) by Honda, premixed
charge compression ignition (PCCI) by Toyota or homo-
geneous charge compression ignition (HCCI) by South-
west Research Institute, is different from the
conventional gasoline type spark ignition or diesel type
compression ignition in that the whole cylinder charge
ignites spontaneously and simultaneously, resulting in
ultra-low NOx emissions.

Brief description of the drawings

[0014] The invention will now be described further,
by way of example, with reference to the accompanying
drawings, in which:

Figure 1 is a schematic representation of an
embodiment of the first aspect of the invention, and
Figure 2 is a similar view of an embodiment of the
second aspect of the invention.

Detailed description of the preferred embodiments

[0015] Figure 1 shows a cylinder of a four stroke
internal combustion engine having a piston 12 and a
combustion chamber 10. Air is introduced into the com-
bustion chamber through an intake pipe 24 having a
butterfly throttle 34 and fuel is added to the intake air by
means of a fuel injector 30 positioned to spray fuel into
the intake port. Gases are discharged from the combus-
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tion chamber 10 through an exhaust pipe 26. The intake
and exhaust events are controlled by intake and
exhaust valves 14 and 16 which are themselves acted
upon by a variable valve timing system. The valve timing
system may in its simplest form comprise separate
camshafts for operating the intake and the exhaust
valves and a phase shifting mechanism for advancing
and retarding the two camshafts relative to one another
and relative to the four stroke engine cycle.

[0016] The embodiment of Figure 2 is essentially
the same as Figure 1 and to avoid unnecessary repeti-
tion, like components have been designated by like ref-
erence numerals. The essential differences are that in
place of the port fuel injector 30 there is an in-cylinder
fuel injector 32, and a second butterfly throttle 36 is pro-
vided in the exhaust pipe in order to increase the
exhaust back pressure.

[0017] In operation, during low and medium opera-
tion, the valve timing system of the engine is set to pro-
long the valve overlap period, that is to say the period,
where as shown in the drawings, the intake valve 14 and
the exhaust valve 16 are open at the same time while
the piston 12 is moving towards its top dead centre posi-
tion. In the case of the embodiment of Figure 1, the high
pressure in the combustion chamber at the end of the
previous cycle coupled with the low pressure in the
intake port caused by the throttle 34 forces exhaust
gases back into the intake port. In the invention, the fuel
injector 30 is timed to open and inject fuel into the intake
port at the time that the port is filled with the back flow of
hot EGR gases which heat the fuel and precondition it.
During the continuation of the intake stroke, these EGR
gases are drawn back into the combustion chamber
along with the fuel they contain, and fresh air is drawn in
afterwards. Depending on the design of the intake sys-
tem and the combustion chamber, the EGR gases con-
taining the fuel can either be homogeneously mixed
with the intake air charge, or kept separate if the charge
is stratified.

[0018] In the embodiment of Figure 2, the fuel is
directly injected into the combustion chamber during the
valve overlap period and there is a risk of some of the
fuel escaping during the upstroke of the piston out of the
open exhaust valve 16. To reduce or eliminate this ten-
dency, it is possible to rely on the reduced pressure in
the intake port that is caused by the throttle 34, but it is
preferable additionally to increase the pressure in the
exhaust port by partially closing the throttle 36 to
increase the exhaust back pressure.

Claims

1. A four stroke internal combustion engine in which,
at least during certain engine operating conditions,
the intake and exhaust valves are open simultane-
ously to enhance internal exhaust gas recirculation
by forcing a substantial quantity of hot exhaust
gases back into the intake ports, the engine having
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a fuel injection system with fuel injectors (30)
arranged in the intake ports (24), a variable valve
timing system operative, at least during the said
engine operating conditions, to prolong the valve
overlap period when the intake (14) and exhaust
(16) valves are simultaneously open, and means for
controlling the timing of the fuel injectors to intro-
duce substantially all of the injected fuel directly into
the back flow of internal EGR gases during the
extended valve overlap period, the fuel being ther-
mally conditioned by the hot internal EGR gases
before being admitted into the combustion chamber
during the subsequent intake stroke.

A four stroke internal combustion engine in which,
at least during certain engine operating conditions,
the intake and exhaust valves are open simultane-
ously to enhance internal exhaust gas recirculation
by forcing a substantial quantity of hot exhaust
gases back into the intake ports, the engine having
a fuel injection system with fuel injectors (32)
arranged in the combustion chambers, a variable
valve timing system operative, at least during the
said engine operating conditions, to prolong the
valve overlap period when the intake (14) and
exhaust (16) valves are simultaneously open,
means for controlling the injection timing of the fuel
injectors to introduce substantially all of the injected
fuel directly into the residual gases in the combus-
tion chambers during the extended valve overlap
period, and means for creating a pressure drop
from the exhaust ports towards the intake ports dur-
ing the valve overlap period to ensure that the
injected fuel does not pass out of the combustion
chamber through the open exhaust valve, the fuel
being thermally conditioned by the hot residual
gases before the commencement of the subse-
quent intake stroke.

An internal combustion engine as claimed in claim
1 or claim 2, wherein an intake throttle (34) is pro-
vided for restricting the intake air flow and reducing
the pressure in the intake ports.

An internal combustion as claimed in any preceding
claim, wherein an exhaust throttle (36) is provided
for restricting the exhaust gas flow and increasing
the pressure in the exhaust ports.

An internal combustion engine as claimed in any
preceding claim, wherein the engine is a spark igni-
tion engine.

An internal combustion engine as claimed in any
one of claims 1 to 4, wherein the engine is a com-

pression ignition engine.

An internal combustion engine as claimed in claim
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6, wherein the fuel is sufficiently preconditioned to
undergo spontaneous ignition when mixed with air
and compressed during the immediately following
compression stroke.
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